oronary computed tomography angiography (CTA) can evaluate coronary artery stenosis, 1-6 and using the same raw data, cardiac function such as wall motion and systolic wall thickening (SWT) can be evaluated 7-11 when retrospective ECG-gating acquisition is used and multiple cardiac phases are reconstructed.
Background Although trials of image fusion, such as positron emission computed tomography and multislice spiral computed tomography (MSCT), have already demonstrated clinical usefulness, fusion of the coronary artery image and functional image by MSCT alone has not been reported yet. Here, a new idea of data analysis is proposed in which both regional cardiac function and the responsible coronary arteries can be assessed by a fused image.
Methods and Results
The study group comprised 5 patients with coronary artery disease. At the first procedure, 3 dimensional (D) volume rendering coronary artery (3D-CTA) was extracted. At the second procedure, the systolic regional wall thickening was calculated and the color 3D functional surface map of systolic wall thickening (3D-SWT) was generated. At the final procedure, 3D-SWT was superimposed on the left ventricular surface with 3D-CTA using a transparency. In all 5 patients, image fusion of the coronary tree and cardiac function was correctly generated. Image fusion can be displayed as clear 3D images, offering better orientation to help assess both the coronary artery and regional function. As the first procedure of data analysis, using the Advantage Workstation, 3D volume rendering coronary artery images (3D-CTA) were prepared as anatomical images.
As the second procedure of data analysis, using the Aquarius, pericardial and endocardial borders were traced automatically. Next, regional wall thickness and left ventricular (LV) volume were calculated in all 10 phases, the phase of maximum volume was defined as end-diastole and the phase of minimum volume was defined as end-systole.
Regional SWT was then calculated in all LV segments according to the equation:
where WT (ES): is the wall thickness in end-systole and WT (ED) is the wall thickness in end-diastole.
The regional SWT data were displayed with color 3D surface images of SWT (3D-SWT).
As the final procedure of data analysis, using the PC workstation, 3D-SWT was superimposed on the LV surface with 3D-CTA using a transparency. The coronary tree was manually segmented and brought to the most epicardial layer, and finally the 3D image fusion (3D-CTA-SWT) was generated. The location (size and angle information) was defined in advance before registration.
These 3 procedures were done independently and blindly by 3 investigators (Fig 1) .
Results
In all 5 patients, image fusion of coronary tree and cardiac function was correctly generated and clearly displayed as 3D images, from which we were able to diagnose both a b the coronary artery and SWT with better orientation. The first case was a 70-year-old male with effort angina pectoris (Fig 2) . Three dimensional-CTA and the maximum intensity projection image indicated coronary artery stenosis with calcification in the left anterior descending artery (LAD). Three dimensional-CTA-SWT showed mild lower SWT in the distal LAD territory, which reflected ischemic change. A relationship between the culprit coronary artery and regional hypofunction was clearly demonstrated.
The second case was a 74-year-old male with unstable angina pectoris (Fig 3) . CT transaxial images indicated severe arterial calcification of the left main trunk (LMT) and LAD, the lumen of which could not be evaluated. Three dimensional-CTA-SWT showed lower SWT in the LAD territory and this case could be diagnosed as coronary artery disease of the LAD. Although there were multiple severe arterial calcifications, coronary artery disease could be detected by the regional dysfunction.
The third case was a 58-year-old male with vasospastic angina pectoris (Fig 4) . Three dimensional-CTA could not depict coronary artery stenosis, but 3D-CTA-SWT showed a broad and heterogeneous lower SWT region. These findings supported a diagnosis of coronary artery disease with hypofunction. CAG revealed coronary artery spasm with acetylcholine provocation in the LAD and left circumflex artery. The broad dysfunction is reflected by the severe coronary artery spasm, so called "memory of ischemia", which could be detected.
The fourth case was a 61-year-old male with acute coronary syndrome (Fig 5) . MSCT scan was performed 5 days after successful reperfusion therapy (#1). Left ventriculography (LVG) indicated apical and inferior hypokinesis. Three dimensional-CTA-SWT showed apical and lateral lower SWT areas. Stunned myocardium in the acute phase could be displayed with both LVG and 3D-CTA-SWT fusion image.
The fifth case was a 70-year-old male with an old myocardial infarction (Fig 6) . Thallium MPS indicated apical hypoperfusion. Three dimensional-CTA-SWT showed coronary artery stenosis with calcification in the LAD and lower SWT in the broad LAD territory, in which there was a dysfunctional, but viable, area.
In all 5 cases, the relationship between the responsible coronary artery and the regional cardiac function was clearly demonstrated.
Discussion
We propose a technique of image fusion of the coronary artery and cardiac function using the same raw data used for coronary CTA.
Image fusion of different diagnostic information, such as positron emission computed tomography/MSCT, is the current trend in radiology. Metabolic information such as 18 F-fluorodeoxyglucose and anatomic information gives its own perspective to the diagnosis and when combined as a fused image, correlations between the 2 types of information is much easier than when the information is provided separately. Thus, image fusion will lead to improved diagnosis in the clinical setting. Recently, Nishimura et al proposed an image fusion technique for CAG and MPS, which provided good orientation of the responsible coronary artery and the myocardial perfusion abnormality. 12 We realized that the relationship between the culprit coronary artery and LV regional function would be clearly demonstrated with an image fusion technique using MSCT without increasing the radiation dose.
Together with the improvement in the temporal window, coronary CTA is a non-invasive assessment method in the clinical forefront. [4] [5] [6] Coronary CTA sometimes provides not only information about coronary artery stenosis (luminal morphology), but also information about plaque of the coronary artery wall. [13] [14] [15] Thus, coronary CTA has the potential to be the gatekeeper for deciding the treatment strategy for coronary artery diseases. The concept of "One Stop Shopping" was recently proposed. 16 Because additional radiation exposure is unnecessary for functional assessment, provision of regional functional information together with coronary artery assessment would be a benefit for attending physicians. Patients can also easily understand the fused image.
In 4 cases (nos. 1, 2, 3 and 5), 3D-CTA-SWT showed regional dysfunction that reflected coronary artery disease. In the case of vasospastic angina (case 2), 3D-CTA-SWT showed regional dysfunction that may have been "memory of ischemia" by the coronary artery spasm. In the case of severe coronary artery calcification (case 2), the coronary lumen could not be evaluated by 3D-CTA, but 3D-CTA-SWT showed regional dysfunction of the LAD territory and coronary artery disease could be suspected. In the case of acute coronary syndrome (case 4), 3D-CTA-SWT could indicate stunned myocardium in the acute phase. The usefulness and accuracy with many cases has not been validated because this study was a preliminary analysis of 5 cases.
At present, the procedure for generating fusion images is time consuming, because several workstations and applications are used and the images are manually fused in all dimensions. For future clinical use the process needs to be done automatically with sophisticated software.
Conclusion
A new concept of image fusion of both the coronary tree and cardiac function, provided by MSCT, gives better orientation of the functional abnormality and the responsible coronary region.
